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Abstract of WO9409446 

Image analysis algorithms find the iris in a live video 
image (10) of a person's face, and encode its texture 
into an "iris code" (24). Iris texture is extracted from the 
image at multiple scales of analysis by a self-similar 
set of quadrature bandpass filters defined in a 
dimensionless polar coordinate system. The sign of the 
projection of many different parts of the iris onto these 
filters determines each bit in an iris code. Comparisons 
between codes are readily implemented by the 
Exclusive-OR (XOR) logical operation. Pattern 
recognition is achieved by combining signal processing 
methods with statistical decision theory, leading to a 
statistical test of independence based on a similarity 
metric (Hamming distance) (26) that is computed from 
the XOR of any two iris codes. This measure positively 
establishes, confirms, or disconfirms, the identity of 
any individual (28). It also generates an objective 
confidence level (30) associated with the identification 
decision. 
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MSB Re (r,0)= 
MSBR 8 (r,0)= 

0ifRe/ p /^e-2«M«-^)e-( r -P^* 2 eH tf -*^^ 2 Kp^)pdpd^^O' 
MSB| m (r,0)= 

1 iflm/p / l5 e-'2«i«(ff-^)e-(r-/>) 2 /<'V(^-^) 2 ^ 2 I(p^)pdpd^>0 
MSB|m(r,0)= 

0ifIm/p/^e^ ffiw ( fl -^)eHr-p) 2 /a 2 e-( 5 -< > r^ 2 £{p^)pdpd^^0 



7 IB®©77 S 0 
n— K*Jfc18U 

h ;up H io/ n = > yggji i: u r -m> ztiz m^m. 8 mm.<r> 

ummi o] s sic. *§#t?nfc«^©aigi5copjHgtt 
©*s#g8*fcttHjH«w«#H»Hi or 

t-pi/>TJt«Xf--y^*S«-r5»*«9l2«0^iic, 
3j8H10K«©7ji*. 

3 f r+S 2 
max r e|i .5r l5 .10r 0 J aP P =r- 5 "^57 



ns»#JsiiE«©2ri&, 

$£&=!- Vi)mVB<Dt><DT*&ZV&mcm&-£tl, Ttf> 

aft s titcmmt m m%. * n/c/ % s > ysggtic&ffl s 

[W*« 1 4 ] HufBP3JBOIl?LtiW«, a£ : 



maxfr.xo.yo)! I a? /r,x 0 .y 0 l(x > y)ds| | 

xo *5<fc rf yo 0 , I ti-f * —. s>»st?* 

[&3] 



50 



SgilT'feO, 1 (p. 0) tt«ffi«lu*Stt*7C<EM'*- 
^JSTfe 0 , 0 It 3 B# $ it 9 ^f^tC telfZmZ't 
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<Df5'&<> 

135* ^TfeJ;a : 225 0 fr6315° $T*MiBgifL<DI§Bf;: 
iiftf S *gft<O¥JS#0ifS i: Sr#A,Ti^ S ISaR^I 5f Sf< 



h*-e«Lv^«-W«:i|sSffi(i-elHIH*RlT6nTt^4 
[»*El 8] tfflE/*:/K/<X7<<~;l/*(i2-D;tf#- 
imim\ 9] HijftE2-D^-;b7-f7U^«^ : 

[ft 4] 



G(r, <? )=e-2»»«( »- «o) e -(r-ro) 2 /^ 2 e -{ *o) 2 //S 2 



&9|igGK02r&. 

[»#S2 l ] MEn&OttTUftfliiA : 
[ft5] 

max (r.xo.y 0 )l I ^jT /r,xo,y 0 f(x,y)ds| I 

a ,r+S 
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[St*:® 2 2 ] i'^-v' , <7)!l!l^i:?SMgP^i:0^'7)Sul2 
»J©P3«©*#|t«:, ^ : 
[ft 6] 



max r e|i .5r 0 .1 Qrolaf' P =r- 5 ~VJT^ - + /8 I (p.^)P< 1 P d5 



tc L fc o TlSSlffl^O^fr 6 £fc <fc Zfftnm $ T" 

ro(4Mlc£ii>5nfcl«*L<D¥&T?« 0 , 5 «¥S->x;l/ 
S§glT*&?K I (p. 0) (i<S^(C*5^S7C<0^^- 
S^&ftT*& <5 , <*> ti 3 m i: fcfi 9 ^(D^tfcttS^ 

[fgB^£Dl¥*iiS:KiB^] 

fflaT?fi*tt<OJSu>ftgiJ^S*Sti*AMgip 

«9JOft«>h:^«:jl!l^W*«*ffiffl-r*ttt, 8f£ 
c0^i*:aiJ^W^B*' t ^A(ci:oT34f#T'fe'3. 



x.s (^4I^co,®^*rc{iT :f -r'^-;l/{±[3iL;T'{±*i/\ g 
Tft-V- KBinrci: C5i!)^ftgili:15Ci:^f 

AHB-feffiBcft-r*^ *<Dmm&mmi.ft&&£zfiw& 

A^gij{cjgLfct,©ic-r5o a^ot effect: t>"i6sij 
zntimtzt. wm. ptfotszzfm 
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t *<T' # s o ft lizfmimmMKtmit&m t 

ffl-T 5 nt— <Ofi£ JfceDIiS* ti , F I om*5 J; tfSaf i rfic£ <fc S 
*Ht#fFSfS4. 641, 349^W*ffl»{CfettSnTV^ 0 CO 

p.-r^ ^-^rtoami u^gft-r s gntttt 

i/\ — flgfc> CCD<fc-5&'JX httSrc^-neA^A-fl/ 1 ' 

So 

r- A^r^-r S C i: T'& So 

{JtTSCtT'&So 
*fgB£cD£<E>(CSiJcD@fflfi:, *Bj©£STt 

S'j-r s -fimz&i r^mn tc ■> -cg/a £ c<dxt- 
s ns am© b ©x^^Mk^nfc-r ^ - ^ e-r 




(4) t$fFm3 3 0 7 9 3 6*f 

8 

gg**-> e> ©gtffiK*t tc j; o £ ns "jftgiio & § fit 

— K«£«r«. ISJIlflSfcn- K(±S*P3- b't uxie 
fCDmm&lto&zm^'ir hJl<<D//i>L.*ftW?%>££lC 

# i/ ^t^- ^ ^- x (c ts tt s ffl^i&M5ij«ii^«r ~mmc -r 

So 

50 PS^, i*3£, -r-i-X^^f •ftsX.XSM 

t5<, -e<0«> v-X^AiiS^n-FfciaSiJ^-K^tt 
Kl/T, n-KS©^5 >^ffi(i«rBgS5-rSo *<9flL 

Lfc*^Trai;Aiji*»54Ufc* 1 s^tmc*n 
T#^.e>n?.o 

50 0 1 {±2|s:f|B^(D^n-feX03S*W^XT--y^*Lfc 
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o Tffiffl £ tlS ilft fiffi/ * > KMX 7 -r tkTfr? „ 

;b £ (c <J; K> KM<< * - 'Jf— 2 ft E cry «fc r> ic L X*SSM =J 
— K£y h£g*Sft«fr*jj*LftlS|-e**. 

% =1- K P B 1<Dtb$£ J* -T = > $TE**^ L ft H Tfc 

So 

B 7 ttfc£#P©*tt©lIHW*!e»*3SLftH-e* 

BI8{i, bVT-^^X" -r^^l^Utt^A^ 

aa*«^fi:«-J»*nft*I»3-KfflOlt«u:J«-*-'N 
3 > fW&kf?. L ft El T-fe 3 o 

129 ffi^^nft^-—- tr>xf ^XfcJ:D*^#(c 
*f-rS/N = >^8gSI«r^LftEl7?feSo 20 

ffl L T»giJ*fT 9 IWd:Xf *y X* ?S LfcXn >y ?M 

d« 7-r9*>K ttffufcasi««jfi. u>x. 

/hSM3±Cf/|N|IIEjai*5RL, B-rs»ccn6tt«F*0 "» 

nfcjt*w>r ^ttflAora— te*»Bu *fcti* 




WW* 3 307936§ 

;b y x a *>< jsm ?n§ct ^ nitg^s^ 6 ne s nr 

fcfS:&£:^ (Xn*y ^12, 14. 16*5<fctf18) 0 ^(C. 

2) o ^t^T, >-X-rA^/N^>^g8^#^/ci6(cS 
«pn— K4:#Ae>nfe3— F C/n>y^24) ^irb«^^> 

^28) . *oi*sjc»-r*e«ttL/^;i/*fmc-r* 

<0*|gn— F2:IgRrr5C fctCioTTiia 
<. ^SJx-^^XicfettSlttJiSWftfil^c^^TS 

co^x-f-JUOlllSeoaffltc^v^T, 0 2tc^^nr 

t?fe^g^?SM (sclear) gp^105ti, tt^102«rSHL 
Tt^So ^**DHf «* 1 coXx-yXfi, ®?L^ 

S106cO'ffiB^^L> **OiEai*T?«Dei02*6llt?L 
KMS^ai-TSCfc-e** (SI 1 <DXu>y ^12) o 

^>o 0 2 £&^Tig# enS^lC, B?Ll04t4— 

KftStcfei^T, **±Jtt*Wk:BHlliO Oco^^SoS 
BBWOfc»«cc©H«tf Utf c i: t 
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§fr frfr to & -j\ ffit MIMt T?«»r * J: -5 

ffitt (exploding circles) " (MfUJWtCtg/ja^ 3¥ 

5 



WftO^ft^tCfeV^T^cO "X/W^ (spike) " # 

3lcLT, li7L*jEBttclB«-r*W««, 
(xo.yo) fe<fctf¥flrtO«fi(Dffl-&-y:Orc«>tC3/^'5' 

ItfrTfiO, Sfc^iMMW (xo.yo) T*fc3R4» 
(ds) IcWLT^^-^fi I (x,y) OHUlSfc**^ 

ROS*<D*6;ttffitt, 3 0©;^7^-> (xo.yo. r) <D 



(1) 



^{fc (JB@a»tf!)SfeO«[teJ:oTl»l»-r*) 

<DT% BUROffttKcjSttSfiEflCOKfflMftafi (excurs 30 

ion) *^i^ft-r*«rRi**So 

s (i) *cfct>T^a6e>nrca^ffl«, to^tcftv^jju 

<DRtc*f-r& DA#l/\> |5|^RO*iL^S©tt?L 

«c, « (l) rt©«tt3B«a*S©Hfe:»UTfBeo«>^) 

<o 3/<5*-*£BOfcfctt3*ft<0#G] 0*MW« 

«gii$tc»Rft*rso a*4*ft«5iaos*oau:, 3 

(xo.yo. r) ^»-rsffl«mfi!W«:a»»*fffflOffiffi« 



ci: ( "BfiFLiMS" ) $D&<DMM. *fttt*E» 

^■To *S?TC^AOtEJgfc«»*fc«4^Jlfc*K9J-r 

^cfeoT^*csn*a54»«±<ofijja7?*ao 

^<0*HM<0*|?"rato%» (limbus) *Si6Sci:^ 
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$#fF gl 3 3 0 7 9 3 6^ 
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mc&&(D±.T<Dm.^*mmcL, Lft#oTcfte>o 

So 

flfcfrtf 9 BS<%k¥77 lol©»«fc:}»o ft 2 O03DUCSUIB;* 
ft, ^tf/r/^v^^ (45° ) *KB^LTl/^o ff» 

n*o sci) fcj3t^T«*«*4*-rscf:^ 

8 rr+S 2 

max re ( X .5rp,ioro|^: 



14 



u ^ * nfc tt^ajffl* ^-r ««a»*c £ o t 
»*nfcw«iaPt«:fiiiR-r-5 2o<07K¥»iRio "as© 

^Jitt^iS (exploding pie wedges) " tCcfcoT "a$( 

ostRaw ffi»?n5o Miaoj;?ic, ^yn-t 

/0 ««*««Lft8k ¥SfcHr«C0!VHft0S*fl 

S^Wtctt. C(0Kfff±a (2) SfttlctSrOjl 
(•TLO^C^ 6fi * ft ttSWOl^-Tftfr * TCDSggt) 



5 TrSr Je<=*-*/a 



(2) 



0. *tt»v>*SS/x;l/ (ASWlcO. Iro) Tfet), I 

^sst'S d . 0(i3«f^ftt±9^o«^c^n^n^ 
jstft o $ft«i n icsii\ n^^««f?(o«aR»c« 

m&%t!/^-'?2>miC. 1.5rofc10rofc<QfH<Dr (®7L 
¥SO"T«:t>%1.57bS10«) 0«lfc:*fLTC:oa*W- 

t^o i£ (2) *>&§mt*nftjis*tt. ;fc&o*oeo£ 

3£1 10— r £LT(S2&C^£nT^So 

t^o LfttfoT, R«c}£}oft»«©HlsI«[»OrJcBB 

flHRtt, ± 0 WftS*^ o -fe XT'xo , y 
o.r/^^-^^BB^/^-rSo S (2) tt, £T&<9 

en ^^i/druxAJckD^m^nscfc^ss* 

ftgJ§-;*;#& "PJ»xy$>" *tt«ct*Rv^ S 

(i) i:i5ii;a»<oaR«»«o7 f, n-bx*^iRi-e*ao 

LfttfoT. a (2) ttf«OJC7k¥*IqI<03li«^fet^T 
-1© ''fcRO^WKflWT (LfttfoT±T 



owa«ra«"rso l/c^t, *e (2) «\ a en 

>#^0*#te*Ji!ST&ft*o cftStt, n— KJcfc 
»S^ffi5p«**S"TSft*»cmffi<D^>«-^fc:*»* 

O ¥@S6«0 S n ft uBBSPtt T* Hli&W £ * ft 

&im&<D&mmmtmctomr&mmi'-- b t its 
30 umttTMtztizctwT'Zzrctb* z commas £ 
tfv— *>y*<*ftk:i£i:T#l6-r*o eft 6 os* 

*li«*ttffl«C totlllllllfrhSo Lft^o 

sffrai;j[GB3-K**j«Lft»fttfa6a 

K?Lti-«(ctt^rttc^^T7k¥7ifRl^^^(i^ 

»^<^^E» (fractionation) ttftftfciO^Kfl 
«WfciP««ftTj»*-r*i&e3B«*«o *I»±** I ±« 
JciOaJ^WtcjfiSRtcBBt&ft, $ftAM^&OMSS 
j*^i(ES|gT»©«»*IBW£JC'r*ft*, Cft^>cD^l«(i: 
W«f*<tff3-Kffc3!p6|»n*ft* 0 W*OJ0»>f^- 
^cSfeSftftcftSO^ffiMftWtffy— y«BI2{c:^ 

50 ^tc, flWfSftS^ttJgOff^ttwyftSft. « 
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«f»*112KIB»Sn« (H2 4MSD . Ctl6©»#f» 
-f S J: 9 K L £</ . L S 

0* 7bS360° CDfV 3 VCD 

W*^j*feJ:Cf«ffLOltffifti:MB8«tc#(cofc l to 
Bj^ 6 tTx * * ^ ^ * T?0!6l«<3!)aft**KW t *B«f 
WWr »«1 1 2© 4 ooMta Wft«pSiJ©«p«{4, SSW 

ttta-rsc t*^st$ti« 0 siwc, B?Lio4g#{i 
u£l awmmzMm** l t v ft « t «o 

So PU«(c, tt^102A^e>?SM105ST*cDiSmi$e»{c ;; F 

tt«Wte*Da-r«ci ttc<fct)^*3J;tjFfe^r(RiicSij^sn 

ft<fc -5 tc) ^S73(R)(c5SaLT^Sc ^3(c^{c<i:SSr 

tt«fcO. L/t*<oT±*3«ttj : TS88»CioTP s flCe.nS 

It. l3 2(cfcl/^T114a*3j;yi14bt LT^£tlTl^3 0 

* 8 1 2(c»SiJ-T -5 C t Lv\, 

*<D&m 1 O-7D-y^20{C7K^nTV^<fc'5tclfgiJa- 

W{±®?LOt£!BS«:$ijai-rsct»cft#L*c\ Zrv'V 



/<5 



*DBJ§»©Bffi£©gMJ- (piece) ttfltlcpJl 

£ nfc >&\ * ft n*v t*^*> e -rra vnwt 

(i . *BB©#36*< =f A > - h Off ft t L TififHT* $ 5 C 
t«rfUfflbTi/^fti6. ■?—*>'!flt*<DmMJkffmi, 
t>»«:ffSSnSft46, Mi:lTI*<D4i,*ta¥ 

ttl-rS%«W«:^jSiA, 2-D##— /I/ (Gabor) 7^ 

)v $ mom & mw^ > hv * x ^ -c & & ic & > * u i 

20 fc LT1980^*5«ktJFl985^tC2|5:5IW#*c:J:oT^i«$n 
/Co (Daugman, J. KtC 5 1980^cOVis ion Researc 

h 20. 8477^jM856H, 40^^/1985^ ^Journal Of The Op 
tical Society Of Amer ica, Volume 2 (7) .1160717^11 
69M) *^MZtifzi\ *wrs«5B7-r;l/#fcLr, 
*n 6 liSB«4H8S6«ta : 2 - D fSS fc«k:^riai» 

2 - D f *-;l/7 ^ ;^©*§<D 2 o^S^tt, 
6 co^iS^ ^ 7 £ mc «»«3R;tt *3 cfc tf WBflWStt * 

^ fc&tc **pxoM>r ^ - ^iui^- ^ ic cj: o xmm z 

^0 Afi. cn^> ^M946^(cf : ^X • j!f«-;l/5lctoT 1 

&7ivmw2Htcmm<Dm&<D^m<D 2 - D#imkT* 

Tt^ 0 5:^ (Gabor.Dfttc.fc^J. Ins.Elec. Eng. .Vol.9 
3. pp. 429-457. (1946) ) JfcfMHStlfc^o 

tt, S (3) ©.ta^ftftWJcJst^rHSSn* : 



<3> 
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WWJB 3 3 0 7 9 3 6^ 
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i*a^9^-^o!BJ:fffltf©fc:SJtffilLT«teSEft 

ofejctfrotCcfcoTit^snrc^n&coffiaii. ibm<o 

tL&zi- K**»£«Ttt»tetofcoT 2 -D 

H4A. 4B*3 &mcic7jkznr^z>o —m±<o h u—x 

(B4A) ti\ ^mcW^KMi^l-D^ 

Cfc:;fel,>T 2 -Dfi-Sf 1 -DiE^t LT^£tl 

So ) m2<Dh\s— X (B4B) fcfc, WF^O^jifecfctfW 

;b y -r ;i/ £ <osSS*^-r o 7 << A/* <D> % > 

MSB*M) - 1 if Re/^e-'™*'-*'^' 



^<D5%mc&t,f%M^fr?ttmm&}%;i<'7 hit. -mmfc 

let*. BS^O*JWc»i,\ WBaHc»v^af*S"*ft 
* tftt«±©ffi«**t-« W^O 2 - D ^ ;l/ 

nti^o Fftsns "flraeyK" 

¥m\c±Ktcmk<om±ffi\* * h cmsb) £»fs-rs 0 

Sflgfll© 2 - D 7 -r ;!/ * cottfc L ft H»»#*5 

e -l«-#)V^/( P| > o (4 ) 



MSB*,(r,0) = 0 if Re/^e~ 2 ~<'-^ < 0 (5) 

MSB/ m (r,fl) « 1 if Im /^-'~<<-'> C -<'-^^ > 0 (6) 

MSB /m (r,*) = 0 if I m /^e~'~^^ < 0 (7 , 



£Q2.o48tfv/ hz^ti^nmm? % 0 *<o$mM¥m « ^ 

ecor r e I at i ng) CO ft 46 ic C <0 -3 & a — K lc & l >TI^ 

C&HSWM/W h*&gfc?-£iIiSg0512x5127U 
/l^X^— ;l/ 2 - D /bra— Kfc <fc oTI/1. 000O 

256/W FOff»3-F^-flf!ltt. H20±g|5tC^^ 



tlfc8lf^ h*WrS256ffl(0ft*?J4:LT««StlT 
^So ffiatOHf^On— K4 1 ^2,048 kf^y h^ftb 
Tl^*#. ^1— K(i2.048J:'9 / >^l/^4±z:2iig*Jg (i 
ndependent binary degrees— of —freedom) ^r^UTl/^ 

^ tcJ: D n >4< U a - h ZfLfciimcommZ. 7*;l<$ 
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(10) 

19 

h©ffi«O»^-SS[Lftl^BM5p=0.5*^ft-r*o Hf 
^03- F4»4>#2. 048 If y h#^<D{te£T<Dtf*y h £ 

0. 5*5 J: tf N = 2. 048coHJS^ffi«c* L < ft WUfft 6 ft 

^ (&m-r&^ »¥»cwi»*«ioiBLa±*fT, 2.04 
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